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Abstract
The aim of this work is to improve the optical transmission of a soda lime glass eroded by sandblasting by using polyvinyl
butyrate (PVB) and polyester (PES) coatings. Various damage states were obtained in laboratory by varying the projected
erodent sand mass (Mp = 10−200 g). Transparent layers of PVB and PES were deposited on damaged surfaces. Uncoated eroded
glass samples have their optical transmission T strongly deteriorated with the increase of sand mass. It decreases to 27% for a
mass of 200 g. The use of the PVB and PES coatings on damaged surface ameliorate substantially the optical transmission. For
the extreme case (Mp = 200 g), the two deposited layers improve respectively to 87% and 81% with the PVB and the PES films.
After a subsequent sandblasting damage on the covered glasses, the evaluation of the optical transmission shows that it only
decreases to intermediate values (57% for PVB and 50% for PES).
© 2009 Elsevier B.V.
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1. Introduction
In Saharan regions, sandstorms have a damaging effect caused by erosion on objects made out of brittle materials
such as ceramics and glasses. The impacts of sand particles on a glass surface induce a more or less severe damage
according to environmental conditions. Generally, glass sandblasting erosion is characterised by formation of
surface microcracks, chippings and sometimes craters [1, 2]. These defects directly affect the optical transmission
mainly by diffusion of the incidental light. The extent and the depth of these damages depend of the form, the nature
and the speed of the impact particles [3]. In their study, Ruff and Wiederhorn [4] indicated that the erosion of brittle
materials is influenced by several factors such as the properties of erodent particles (size, form, density, hardness
and toughness), the properties of the target material (hardness, toughness and surface quality) and the experiment
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conditions (impact speed, impingement angle, masses projected, temperature…). Several works on the correlation
between the optical transmissions, the roughness, the light scattering with the surface damage were made [3, 5, 6].
In a previous work [7], we simulated in laboratory the influence of sandblasting on vehicles windshields made of
soda lime glass. We observed particularly that the optical transmission strongly falls according to the projected sand
mass. The light scattering caused by the glass surface deterioration can be harmfull to drivers. We determined the
limit of the visibility of the eroded vehicles windshields and showed that the scattering of the incidental light
becomes very important when the glass surface roughness is higher than 1.5 μm. Nevertheless, a reduction of the
glass sensitivity to surface damage can be obtained with different strengthening treatments [8, 9, 10]. In comparison
to an annealed state, thermal and chemical strengthening appreciably improve the strength of glass to erosion [10].
Our aim in this work is to seek ways for improving the optical transmission of a glass eroded by sandblasting.
The adopted procedure consists to erode glass samples and to deposit by dip coating a transparent thin film made of
polyvinyl butyrate (PVB) and polyester (PES) to fill the surface defects produced by sand impacts. The deposited
films (PVB and PES) are then subjected to subsequent sandblasting. The optical transmission of the coated glasses is
evaluated.
2. Experimental procedure
2. 1. Materials and Characterization
We used soda-lime glass intended for the vehicles windshields manufacture. The samples dimensions are (40×40
mm2). The glass sheets were delivered in their as-received state with a thickness of 2 mm. The glass chemical
composition and some of its physical characteristics are given in table 1 and 2.
Table 1. Mean chemical composition of the used soda-lime glass.
Oxide SiO2 Na2O CaO MgO Al2O3 K2O TiO2 SO3 Fe2O3
Mass (%) 72.85 12.42 8.15 4.09 1.27 0.47 0.47 0.18 0.10
Table 2. Some physical properties of the used glass.
Properties Values
Transmittance (T) 91.7%
Hardness 5.37 GPa
Elasticity Modulus 72 GPa
Poisson's ratio 0.22
Transition temperature 560°C
Refractive Index 1.52
Bulk density 2.49 g/cm3
Thermal expansion coefficient 8.5×10-6 K-1
The eroding material used in this study was sand that comes from the desert of Algeria (region of Ouargla). The
particles shape varies from spherical in majority to angular as it is shown in Fig. 1. Colored aspect of the grains
suggests they have a diversified mineralogical composition. The principal minerals composing the sand are brown
tourmaline, limetine, limonite, colored quartz and gypsum. We determined the sand particles elongation index
(Ei=L/l) which is defined as being the ratio of greatest dimension (L) by the greatest dimension (l) measured in the
perpendicular direction (Figure 1). To determine Ei, we used a sample of 100 sand particles. The shape of the sand
particles plays an important part in the phenomenon of erosion since it was shown [11] that with a same impact
energy, the angular particles are more destroying than the round particles.
Fig. 2 shows the granulometry distribution of the sand used. We notice that it is fine, smally dispersed and
mainly concentrated in the interval (200−300 μm).
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The elongation index variation of the sand particles is represented on fig. 3. We observed that about 42% of
theses particles are rounded with an elongation index between 1 and 1.1, and 58% elongated with an index between
1.2 and 1.5.
Fig.1. Aspect and shape of the sand used (x50).
0 50 100 150 200 250 300 350 400 450 500
0
5
10
15
20
25
30
35
40
45
50
M
as
s
(%
)
Particles size (μm)
Fig. 2. Granulometric distribution of the sand used.
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Fig. 3. Elongation index of the sand used.
2. 2. Erosion tests
The sand blower device is schematised in fig. 4. It is composed of a ventilator for providing an air flow, a sand
hopper provided with an adjustable stopper, a flow tube and an orientable sample holder between 0 and 90°.
The samples were eroded with various sand masses (Mp=10, 20, 50, 100, 150 and 200 g) in order to obtain
various surface states. During the sand blasting tests, the speed of air flow was fixed at 18 m/s, which represent a
mean velocity of sandblasting in the Saharian regions of Ouargla. The samples are placed perpendicularly to the
sand flow (=90°). As experienced previously in other works [1, 5], the chosen tests conditions were as follows:
- Distance tube-sample is x=50 mm,
- Diameter of the tube is d=25 mm,
- Constant sand feed rate (75 g/min) during all erosion tests.
L
l
N. Bouaouadja et al. / Physics Procedia 2 (2009) 1351–1357 1353
4 N. Bouaouadja / Physics Procedia 00 (2009) 000–000
2. 3. Deposition of the PVB and PES coating
To fill the sites of the glass surface defects caused by sand particles impacts, we choosed two organic materials
(polyvinyl butyrate PVB and polyester PES) for their transparency, their low density and their moderate low cost. The
PVB is an intercalated adhesive sheet of 0.7 mm thickness, used particularly for safety laminated glass for vehicles
and architectural glazing. The PES is presented in the liquid transparent form. After drying, it hardens and keeps its
transparency.
The deposition of the PVB coating consists to dissolve a sample of the PVB sheet in a dimethylformamide
solvent. The eroded glass sample is slowly dipped into the solution using a constant descending and ascending speed
of 3 mm/min. After removal from the solution, the sample is dried in an oven at 65°C during one hour.
The same process (dip coating and drying) was used with the PES. In this case, an appropriate hardener was
needed to activate the reaction.
The two solutions viscosity was optimised in such a way that the obtained thickness of the deposited film is
between 25 and 30 μm during 2 passes. This thickness is considered sufficient to cover the eroded glass defects,
characterized by about 16 μm total roughness, and eventually absorb incidental sand particles impacts.
3. Results and discussion
Fig. 5 shows the variation of the optical transmission with the projected sand mass on the uncoated and coated
sandblasted glasses. For the uncoated glass, the curve falls almost linearly until Mp=100 g and tends thereafter
towards a plateau. The optical transmission decreases sharply as function to the projected sand mass. It reaches 27%
for 200 g of projected sand.
On the other hand, we observe an appreciable improvement of the optical transmission for the sandblasted glasses
coated by PVB and PES films. The two curves, characterised by a weak decrease, remain very close. As an
indication, for a mass of 200 g, the obtained optical transmission T is respectively 87% and 81% for the PVB and
the PES films. This improvement of the optical transmission is explained by the filling of the defects sites with the
solutions. Their good transparency recovers almost entirely the optical transmission deterioration caused by
sandblasting. Reflection is the main cause for the deterioration in the case of small projected masses where the
eroded surface is not sufficiently damaged. For much damaged surface with larger masses, the transmission loss is
caused essentially by diffusion [10].
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Fig.4. Schematic diagram of erosion test rig and representation of a sample having an eroded zone with 200
g of sand.
1354 N. Bouaouadja et al. / Physics Procedia 2 (2009) 1351–1357
N. Bouaouadja / Physics Procedia 00 (2009) 000–000 5
0 25 50 75 100 125 150 175 200 225
0
10
20
30
40
50
60
70
80
90
100
T o
(%
)
MP (g)
Sandblasted
Sandblasted/coated PES
Sandblasted/coated PVB
Fig. 5. Variation of the optical transmission as function of the sand mass projected for the sanded state, and sanded then coated state (PVB and
PES).
Fig.6 presents a photograph of a sample that was eroded with a sand mass of 100 g and whose half part was
coated with a PVB film. To highlight the film effect on the optical transmission, an H character was placed beneath
the sample on each side. The transparency improvement with the PVB coating is indisputable.
The coated samples were sandblasted over again with the same sand masses and the corresponding new optical
transmissions were evaluated.
In fig. 7, are represented the variations of the transmission as function of the sand mass. The first case is taken as
a reference (sample in the as-received state and submitted to sandblasting). The two following states represent two
cases (sandblasted samples and coated with PVB and PES). The last states correspond to sandblasted, coated with
PVB or PES, and then sandblasted. The following codification is used:
- Uncoated/Sandblasted (U/Sb),
- Sandblasted/Coated PVB (Sb/C/PVB)
- Sandblasted/Coated PES (Sb/C/PES),
- Sandblasted/Coated PVB/Sandblasted (Sb/C/PVB/Sb)
- Sandblasted/Coated PES/Sandblasted (Sb/C/PES/Sb)
Fig. 6. Photograph of an eroded glass sample (Mp =100 g) whose right side is coated with PVB film.
The H character, placed beneath, shows the transparency difference.
Eroded and coated PVB, T=87%Eroded part, T=27%
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Fig. 7. Variation of the optical transmission as function of the sand mass projected for the uncoated state, coated, coated and sandblasted again.
We can observe that a subsequent sandblasting on the coated samples reduces the transmission to a lesser extend
than that for the uncoated samples. The corresponding variation curves of the PVB and PES coatings are again
closer to each other and stand at intermediate values between the uncoated state and the coated state. We recorded
values ranging between 50 and 60% for a sand mass of 200 g.
Micrographs on fig.8 show general and closer views of the type of defects induced by sandblasting (with 200 g
sand mass) on the PVB coated glass. The sandblasted surface (fig. 8-a) is characterized by defects distributed in a
homogeneous way on the entire surface. The dark points correspond to zones that are strongly damaged by sand
particles impacts. Closer micrographs (fig. 8b and 8c) show a typical defect observed on the PVB film. We observe
that the impact went over the polymer film and induced a chipping pattern similar to what is generally observed on
an uncoated eroded glass surface.
Conclusion
In this work, we studied the influence of the deposition of two transparent thin films (polyvinyl butyrate PVB and
polyester resin PES) on the optical transmission of a soda lime glass eroded by sandblasting. The coatings were
applied on previously eroded glass samples with variable sand masses. A comparison of the optical transmission
variation with sand mass was made on the different glass states (uncoated, previously damaged and coated, coated
and sandblasted over again).
From the obtained experimental results, we can conclude that:
- In the case of sanded uncovered glass, the optical transmission decreases almost linearly up to 100 g of sand
projected mass and tends then towards a plateau located at 27%.
- In the case of a strongly eroded (Mp = 200g) and coated glass, the two deposited films improved appreciably the
optical transmission up to 87% and 81% for PVB and PES films respectively.
Fig.8. Micrographs of defects on PVB coated glass sanded with a mass of 200 g.
a) General view (x10), b) Typical defect (x120), c) Same defect with detailed view (x260).
(a) (b) (c)
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A new sandblasting of the coated glass samples shows that the optical transmission falls to 50% and 60% for
PVB and PES films respectively. These intermediate values represent an encouraging step toward the use of organic
transparent coatings characterised with better mechanical properties (hardness and toughness).
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